We report the isolation and characterization often strains showing an increase in the minimal inhibitory concentrations to penicillin (MICs > 0*1 /ig/ml), and describe the epidemiological, clinical and microbiological features.
INTRODUCTION
Neisseria meningitidis has been extremely susceptible to penicillin, and use of this antimicrobial agent has markedly reduced the mortality of meningococeal infections. However, the morbidity of this disease has not shown a similar decrease, as can be seen from the incidence of meningococeal meningitis in many countries including Spain, during the last 8 years . In that period, Spain has suffered the biggest epidemic of the present century with 35870 reported cases and rates of 17*0 per 100000 inhabitants in 1979 (peak of epidemic wave) and 8*7 in 1984 (Sdcz-Nicto, 1985 .
During this period, The National Reference Laboratory for meningococci has been performing microbial surveillance of the isolated strains using epidemiological markers (scrogrouping, serotyping, and electrophoretic patterns) and by measuring their susceptibility to antimicrobial agents, including those commonly used in the treatment and the chcmoprophylaxis of meningococeal infections (Saez-Nieto.. Vazquez & Casal, 1983) . 464 J. A. SAEZ-NIETO AND OTHERS In contrast to the normal marked susceptibility of meningococcal isolates to penicillin (MICs < 0-05 //g/ml) we describe here the appearance of ten strains with moderate penicillin resistance, one of them isolated in October 1985 and the other nine in the first 6 months of 1986, a fact that may alter our approach to the presumed uniformity of the response of meningococci to penicillin.
MATERIAL AND METHODS

Strains
A total of 3204 strains ofN. meningitidis isolated from patients between 1978 and 1985 and 1G2 strains isolated in 198G (January-June) was studied. The sources included cerebrospinal fluid (CSF) and blood. These strains were sent to the National Reference Laboratory from 64 hospital laboratories in Spain.
Prior to the study, we confirmed the identity of strains by means of the usual tests in our laboratory: oxidase, aminopeptidasc activity, sugar degradation test, and epidemiological markers (serogrouping and serotyping) according to the methods previously described (Saez-Nieto el al. 1981a, 6; 1982) .
Antimicrobial susceptibility
Sulphadiazine sensitivity was tested on plates containing Mucllcr-Hinton Agar (Difco) by adding 1, 5, 10, 25, 50 and 100 mg/1 to the medium. Meningococcal suspensions were prepared in phosphate-buffered saline pll 6-9 from overnight cultures on blood agar plates. Each of these suspensions was adjusted to a concentration of 3 x 10 5 c.f.u./ml. To verify this concentration, total counts were performed on each set of inocula by subculture.
The inoculum was placed on the agar plates using an automatic multi-inoculator (Microtiter AM80); incubation was at 37 °C in a humid atmosphere for 18 h.
A screening concentration of the following antibiotics: penicillin (0*1 mg/1), ampicillin (0*1 mg/1), rifampicin (0*1 mg/1), chloramphenicol (0-8 mg/1) and spiramycin (3*2 mg/1) was also studied. Strains showing MICs > 0*1 jig/m\, were tested at higher penicillin and ampicillin concentrations in twofold dilutions ranging 0* 1-6*4 /*g/ml.
Beta-lactamase activity was studied by the acidimctric method, using commercially available beta-lactamase detection papers (Oxid).
Disk diffusion test
Strains The suspension previously described was spread onto the agar plates by inoculating in four directions with a sterile cotton swab soaked into the inoculum. Mueller-Hinton Agar (Difco) was supplemented with 5 % sheep blood and incubated at 37 °C for 18-24 h in humid atmosphere. Table 3 . t All the strains are MICs ^ 0-4//g/ml. X Only 10 strains showed MICs > 3 i 2/*g/ml. § MICs of sulphadiazine: ^ 1 (sensitive); 5-10 (moderately resistant); ^2 5 (resistant) (//g/ml). Tables 1 and 2 show the results of the antibiotic susceptibility surveillance carried out during the period 1978-85 and 1980 (January-June). The majority of strains (85 %) were resistant to sulphadiazine but none was resistant to spiramycin and only ten strains resistant to rifampicin with MICs higher than 3*2 //g/ml, were observed. None of these latter strains was isolated during the first 0 months of 1980.
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All strains were susceptible to chloramphenicol. However 2*2% presented a moderate resistance to ampicillin (MICs between 0-1 and 0*4 /fg/ml), a figure which grew to 10% in 1980.
Only one strain was found with an MIC > 0*1 /*g/ml to penicillin between 1978 (isolated in October 1985 , however nine of these moderately resistant 1985 198G 1980 198G 1980 1980 198G 1980 1980 198G < 08 < 3-2 < 0*8 < 3*2 < 0-8 ^ 3-2 «$ 0-8 < 3-2 * Sul, sulphadiazine; Pen, penicillin; Amp, nmpicillin; Rif, rifampicin; Clo, Chloramphenicol; Spi, spiramycin.
t All the strains were beta-lactamaso non-producers. \ Non-typable strains.
strains were detected in the first 0 months of 1080 (5*3% of the 108 strains studied during this period). Clinical, epidemiological and laboratory data relating to these strains are shown in Tables 3 and 4. The ten strains that were moderately resistant to penicillin were isolated in four different areas of Spain: 0 in Barcelona and neighbouring villages (North-cast), 2 in Pamplona (North), 1 in Logrono (North) and 1 in Madrid. The patients varied in age from 8 months to 73 years. Six wore males and four females.
In the period July-December 1980 four new strains with MICs > 0-1 //g/ml have been isolated from patients in the area of Barcelona (data not registered in the Tables). Five of the original cases presented as sepsis without meningitis, two as meningitis, two cases as fulminant meningococcemia and one as sepsis plus meningitis. Six patients were treated with penicillin G, two of them (those with fulminant meningocooeaemia) died, while the resolution was satisfactory in the rest (two patients were treated with ampicillin and one with cefotaximc). Case 8 was treated witli cefotaximo for the first 24 h and thereafter with penieillin G.
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Six strains belonged to serogroup B and four to serogroup C. Five were nontypable (NT) by immunodiffusion, two were scrotypc 12, one serotypc I, and two (both serogroup C) scrotype 2.
The ten strains were resistant to sulphadiazine and susceptible to spiramycin, rifampicin and chloramphenicol. The MICs to penieillin and ampicillin are shown in Table 4 . Only one showed a penicillin MIC of 0*4 /*g/ml and the rest 0-2 //g/ml. MICs to ampicillin were: (>4/*g/ml (3 strains) and 0-2/ig/ml (7 strains).
A clear difference in zone diameter could be seen between the moderately resistant and susceptible strains (Table 5 ) when tested by the disk diffusion susceptibility test, against penicillin, oxacillin and some cefalosporins.
None of these strains was beta-lactamase producing.
DISCUSSION
Meningococcal strains isolated in Spain during the last 7 years were highly resistant to sulphadiazine but susceptible to other antibiotics (rifampicin, spiramycin, ampicillin, chloramphenicol) and especially, to penicillin, the drug of choice for the treatment of infections caused by N. meninigitidis. However, in this paper, we describe ten strains of meningococci isolated from patients in recent months that showed decreased susceptibility to penicillin with MICs 0-2-0-4 //g/ ml. According to the criteria proposed by several authors for other meningcal pathogens, these strains could be considered as moderately resistant strains (Jacobs et al. 1978; Ward, 1081) . The emergence of such strains in a short and recent period suggest the possibility that a change in the behaviour of N. meningitidis in relation to its susceptibility to penicillin is taking place.
Meningococcal resistance to penicillin has rarely been reported. In 1970, Devine & Hagerman described one strain isolated from a carrier with a MIC of penicillin of 0-25/ig/ml; previously Eickhoff & Finland (1965) reported some strains with MICs between 0*1 and 0'2/fg/ml. The same authors in 1971 also described some strains with similar MICs. Scribner et al. (1982) described a few strains with penicillin MICs of 0-25/jg/ml. Also, Dillon, Pauze & Yeung (1983) described the isolation of a beta-lactamase producing N. me7iingitidis strain. Contoyiannis & Adamopoulos (1974) reported several cases of meningococcal meningitis that did not respond to standard penicillin G treatment. Similar observations have been made in Spain (Dominguez & Mingella, 1985; Mancebo et al. 1985) . However, MICs of penicillin were not reported by the last authors cited.
It is too soon to predict if the strains reported here, which show decreased susceptibility to penicillin, could represent a potential risk in the treatment of meningococcal infections. Nevertheless, it must be remembered that standard penicillin G therapy produces peaks in the CSF of 0*8/*g/ml, close to the MIC reached by one of our strains (Hieber & Nelson, 1977) .
In our study, all the patients responded satisfactorily to treatment with penicillin G or other beta-lactam antibiotics, except for the two fatal cases of fulminant meningococcemia. These good responses give us confidence in contrast to the therapeutic problem posed by the emergence of pneumococcal strains showing high and moderate resistance to penicillin (Jacobs el al. 1978) .
In Spain, the problem could be more acute, in that increasing resistance in other meningeal pathogens such as pneumococci and Ilaemophilus influenzae has been widely described (Casal, 1982; Linares et al. 1983; Campos, Garcia-Torncl & Sanfeliii, 1984) . However, the present data alerts us to perform susceptibility testing to penicillin and alternate drugs for meningococcal isolates.
The 10IU penicillin disk clearly discriminates between susceptible and moderately resistant strains (zone diameter < 26 mm) and could bo useful in the screening for potential resistance to penicillin.
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